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ABSTRACT 
Social well being is an accepted subset of water investment feasibility criteria. Our attempt is 
to isolate income redistribution impacts conferred by the u.S. Bureau of Reclamation projects. 
Four project sites have been utilized to yield both pre and post project estimates of farm income 
and wealth. Production functions of the Cobb-Douglas type were estimated to yield information 
about factor shares, and thus enable inferences to be made about distribution of total product. 
Lorenz curves were developed to show changes in distribution of wealth and net income in terms 
of family enterprise, per acre, and per irrigated acre. Listing of individual farmers income and 
wealth measures are included to show movements (from-to) from pre to post project time periods. 
Results tend to confirm the hypothesis that larger farmers (in terms of acreage) tend to 
benefit in absolute terms more than smaller farmers; however, relative changes (measured in terms 
of per irrigated acre) show ~he small farmer benefits from a project more than does the large 
farmer. Over 80 percent of the farm fa milies studied shifted into higher or lower income categories 
(50 percent up, 50 percent down) following project implementation. About 80 percent of the 
farm families in the sample changed positions (75 percent up, 25 percent down) in terms of the 
wealth measures. 
Key Words: Economic well being, income distributions, wealth , Lorenz curves, supplemental 
water. 
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SUMMARY 
The study reported here is a pre liminary attempt to 
isolate income/wealth redistribution imracts conferred by 
four Bureau of Reclamation projects. The question is 
asked: Have Bureau projects made the distribution of 
primary beneficiary's income and wealth more equal or 
more unequal? With respect to the four sample groups 
studied an answer to this question is not rea dily apparent ; 
it appears that the unit of measurement employed in 
calculations intluences, to a large extent , the direction of 
income/wealth change. 
The redistribution of income as opposed to the 
redistribution of wealth is not an important measurement 
factor in the groups studied. What makes a difference is 
whether the results are expressed on a per irrigated acre or 
total farm enterprise basis. Measured in terms of per 
irrigated acre , both wealth and income distributions 
become more equal in 7 out of 8 calculations whereas. the 
measurement for family or total enterprise income/wealth 
distributions were unequal in 6 out of 7 calculations. 
About 88 percent of the families shifted to higher 
or lower positions in terms of income and about 85 
percent shifted position in terms of wealth. In general the 
split between movements to higher as opposed to lower 
positions is about 50-50 for income measures and about 
75-25 for wealth. 
Four isolated projects located in eastern Utah and 
Colorado were selected: Emery, Vernal , Silt, and Florida . 
The basic data were in the form of individual interviews 
(farm budgets) conducted by Bureau of Reclamation 
personnel prior to project construction plus post-
construction interviews (confined to all of the original 
sample still available) supervised by the writers. The time 
lapse between interviews averaged about 13 years. Other 
public and non-pUblic records were tested for usefulness 
as supplemental sources of income/wealth distribution 
data. 
The before and after farm enterprise budgets pro-
vided estimates for id~ntifying the direction of income 
1 It is recognized that redistribution is associated with 
actions of a wide assortment of public and private agencies 
which regularly initiate investment decisions and rule changes. 
Income as used In this study is net farm incume exclusive of 
any wages, rents and profits which were not generated from farm 
factors and within the boundaries of the farm enterprise . Wealth is 
defined to include only the market value of land. livestock, and 
machinery inventories. 
ix 
2nd wealth shifts following construction and delivery of a 
project water. These budgets also provided the values of 
agricultural production inputs used in a factor share 
analysis. No way could be found to make effective use of 
other records. 
Lorenz curves are employed to compute and display 
changes in income and wealth distributions . This tech-
nique was selected because it is suitable for analysis of an 
entire array of incomes. Based on the Lorenz rankings the 
writers also develop a diagrammatic display of relative 
shifts of individual farm family income/wealth within the 
four samples. 
Supplemental water has an impact upon factors 
entering into agricultural production thereby affecting 
outputs and income distribution . Relative shifts in factor 
inputs are examined in a factor share analysis so that 
alterations in the pre and post project value of water , 
labor, land, capital 2nd fertilizer can be isolated. Cobb-
Douglas production functions are used to obtain these 
estimates. The results are somewhat lacking in statistical 
power due to the amount of suitable data actually 
available; nevertheless , it is possible to detect the project 
that seems to make the most efficient use of new water 
(Florida). Supplemental water seems to have had a 
generally neutral agricultural effect in the Vernal project , 
and somehow led to inefficient factor relationships in 
Emery and Silt projects. 2 
In conclusion , the results are not general enough for 
predicting directions of future distributional shifts caused 
by wa ter development investments, but they do suggest 
that units of measurement may play a decisive role in 
interpreting direction of redistribution and they suggest 
that including wealth shifts with income shifts may be a 
good procedure where longer time periods are involved. 
This knowledge is obviously important for any further 
research, because it is shown that as of now there is 'no 
clear-cut, best method to measure changes in income/ 
wealth distribution at the micro farm level. With respect 
to factor share analysis, additional knowledge is needed 
about actual factor ownership before inferences can be 
made about supplemental water application at the individ-
ual farm level. 
2Naturally , water is not the only important variable. 
Adoption of new technology, changes in relative factor <;upplies as 
well as any factor or farm enterprise monopoly power all could be 
influencing results. Unfortunately little or no allowance can be 
made for such influences in the data thus far available. 
CHAPTER I 
PROBLEM 
Economic impact of Bureau of Reclamation proj-
ects is manifest in increasing the magnitude of regional 
income and in how this extra income is distributed among 
primary beneficiarie s.3 Two situations can be observed, 
singly or in combination. First the level of output ca n 
increase. Second the unit cost of inputs (water) might 
decrease or the additional water might alter the mix of 
resource inputs. As a result an individual farmer's relative 
level of real income might change more or less than some 
other individual 's. Regardless of the final distribution of 
income. the direct result of either situation is an increase 
in area income. Ordinarily it is the expected increase in 
income, as measured by some pre-project fea sibility 
analysis, that has received the most attention in agency 
planning manuals [33, 34, 32], and from the academic 
community [6, 11,17,20.26, 30]. There has been. 
however , a generally less recogn ized tradi tion wi thin the 
Bureau of Reclamation to consider "o ther" measures of 
benefit [36]. More recently, measuring income redistri-
bution has been stressed by the United States Water 
Resources Council and discussed by others [27.28,9,3 1, 
35] . 
Including distribution impacts as an additional 
element of water resource investment feasibility criteria 
may be accomplished through consideration of two main 
aspects. The first would be to estimate the magnitude and 
direction of transfers of resources between a project area 
and other parts of the nation. The second requires analysis 
of distribution effects among project participants or 
within localized project areas. 
Some distribution research has been undertaken in 
the water resources field and there is a growing literature. 
Generally the reported results have focused on the 
positive or negative magnitude of net benefits flowing to a 
propose d or actual project area [12, 15, 18]. Given an 
assumption of a general public desire or willingness to 
back policies that will "shore" up rural incomes, a 
showing of net posItive income or resource flow towards 
project areas would be taken as an indication of increased 
feasibility or uf a "higher" benefit/cost ratio.4 The known 
research results have all shown net positive "inward" 
. 3Naturally there may be disagreement over the use of 
Reclamation projects to redistribute income since the method 
used to slice an income pie may also be important [22, p. 13] . 
4Freeman, after investigating records of six projects, argues 
that dllowances for positive income shifts would still not be 
sufficient to make the associated benefit/cost ratios attractive 
[12) . 
t1ows. Of co urse only a relatively few cases have been 
studied on an individual basis , probably less than 20. 
Nevertheless, such estimates are certainly important for 
water development policy purposes if judgmen ts about 
equity and welfare are to be taken illto account. 
Even less is known about distrIbution impacts in 
local areas or among primary beneficiaries. The writers 
know of only a single research effort that is concerned 
with intra-sector income distribution [13]. The point is , 
that even if widespread public support exists for policies 
that would increase rural incomes, there might also be 
widespread concern if certain local farmers, already at 
higher income levels ,5 were somehow able to capture the 
"lion's" share of project benefits. 
In establishing the research reported here , it seemed 
that, indeed, a prima facie case could be made for the 
supposition that projec t benefits well might enhance the 
financial situations of those operators already better off. 
For example, higher incomes are partly a function of 
better management or higher incomes might be linked to 
larger wealth base and ability to exercise scale economies, 
etc. Thus, there exists a possibility that if expected local 
redistribution impacts are included in project feasibility 
analysis there would be a negative impact upon B/C ratios 
if more unequal income distribution is counted as a 
negative factor. 
Thus the focus of this research is to provide 
empirical estimates of whether income distributions of 
subscribing members within samples of Bureau of Recla-
mation projects have been made more or less equal by 
virtue ot supplemental water deliveries. Presumably all 
that would be required is a measure of income distri-
bution prior to project construction as well as a later 
measure, after the primary beneficiaries have adjusted to 
the new water resources and costs. This analysis is 
preliminary, exploratory, and falls into two main cate-
gories: first , appropriate and available data are discussed 
in section II; second suit:] bility of available analytical 
tools are considered, and the results obtained in using 
each tool are reported in Chapter Ill . Chapter IV 
concludes with a brief critique of alternative techniques 
for examining income/wealth redistribu tion and a sum-
mary of study results. 
5To some observers, greater inequality might be interpreted 
as a sign of probable greater efficiency in project resource 
utilization. The writers take no position with respect to the 
goodness or badness of the direction of distribution change. 
,,, 
CHAPTER II 
DATA SOURCES 
Project areas and farmer samples 
In order to minimize income redistrubution influ-
ences not directly associated with water development, 
only rural areas exhibiting locally homogeneous agricul -
ture dominating the local economies were chosen. FolIow-
i ng consul ta tion wi th Bureau of Reclamation 
administrators in Region 4 (Salt Lake City) and Region 1 
(Boise) the following projects were chosen: Emery, Emery 
County, Utah; Vernal, Uintah County, Utah; Silt , Garfield 
County, Colorado; and Florida , Montezuma County , 
Colorado. Supplemental water is provided primarily to 
mixed farming- livestock enterprises. Altitudes and wea-
ther characteristics are about the same for each area. 
Major crops are legumes, small grains, grass hay , and 
pasture. In general, the areas are fairly homogeneous in 
character. 
Another important interest was in cases where 
pre-project planning involved creation of substantial 
numbers of farm "enterprise budgets" for actual families 
to be included in the project. The writers reasoned that 30 
to 100 such budgets would permit an assessment of the 
financial situations priw to given project construction, 
although, strictly speaking, the original budgets can only 
provide a range of financial situations for the actual 
members of the sample. 6 A relatively large sample was 
also necessary to insure that members of the original 
sample would still be available for post-project interview. 
Every person in the original samples that could be 
construed to still be actively engaged in farming was 
re-interviewed. Thus, re-interviews could not be random 
and there was no way of knowing if the original Bureau 
samples were random. Given these sources of bias, the 
procedure was to utilize only persons contained in the 
original sample who were subsequently available for 
re-interview. 
This resulted in the following new sample sizes: 
Emery 34, Vernal 15, Silt 17, and Florida 13. The 
respective dates of the pre and post project interviews 
were. 1958-1970, 1956-1971, 1958-1971, 1957-1971 for 
Emery, Vernal , Silt and Florida respectively. 
6The project feasibility procedures employed in Region 1 do 
not rely on an extensive collection of farm budgets as is the case in 
Region 4 , so no projects were chosen from the former. 
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Review of Bureau of Reclamation 
re.cords and survey planning 
Extensive examination of records for each of the 
four projects was conducted to determine if they were 
uniform, complete , and matchable with current farm 
owner/operators. This required preliminary visits to each 
project and a manual process of observing and sorting 
through each individual Bureau survey. Completing this 
segment of the work plan confirmed expectations about 
the uniformity of the records and project sites. Original 
Bureau surveys were then augmented with similar surveys, 
conducted by the writers , to supply information for the 
la ter time period. 
Form of data inputs 
In both surveys the individual farm records obtained 
from the project sites contained information about crop 
and livestock enterprises, water availability and use , and 
inventories of real and personal property. These data were 
supplemented with other information about labor and 
machine requirements per acre for typical crops and 
livestock activities as obtained from studies of crop and 
livestock returns in other irrigated and non-irrigated 
farming situations in Utah. 
Gross farm income for pre and post project surveys 
was determined by multiplying dollar values in 1970 
terms for crop and/or livestock by the quantities of 
output produced on each farm. In some instances, 
livestock was a negligible factor in the overall value of 
output and, therefore , not included in the computed total 
values. In other cases, the livestock enterprise was 
assumed to be the major activity so that all crop output 
was assigned for livestock feeding and therefore total farm 
returns were based on livestock sales. In some cases both 
crop and livestock sales had to be taken in to accoun t to 
estima te gross farm income. 7 
Gross farm income was reduced to a net basis by 
deducting input costs of capital, fertilizer, and water. Net 
7 Obviously, gross and net farm incomes are sensi tive to price 
variations through time. They are also quite sensitive to relative 
shifts in prices unless the farming operations in the project area are 
quite homogeneous. 
farm income was also converted to net income per acre 
and net income per irrigated acre. 
An estimate of wealth was obtained by multiplying 
the acres of land in each farm (making appropriate 
allowances for quality differentials in irrigated and dry 
land) by an estimated average value for each of the five 
qualities selected. Inven tories of livestock and equipment 
were also included in each wealth statement. 
Derivation of factor input values was handled in the 
following manner. Fertilizer values were obtained by 
multiplying the type and quantity of fertilizer used by 
prices that had been adjusted for inflation. Water costs 
were taken directly from irrigation company records 
which were available for both survey periods. 
Values of labor input were difficult to estimate 
because many farmers and their families were engaged in 
non-farm work. One possible approach was to estimate 
the number of working hours actually contributed by 
family members and hired labor and multiply this number 
by a set value per hour. This method was not employed, 
however, because the results appeared to greatly overstate 
labor inputs. Instead, values for labor inputs were taken 
from time and motion studies which have been made in 
certain Utah counties in connection with the production 
and cultivation of various crops [7] . 
The capital requirement estimates include a charge 
for machine usage including depreciation and repairs, fuel 
and oil, seeds and other costs associated with tilling, 
planting, harvesting, and storing crops. With respect to 
livestock these costs include veterinary and associated 
expenses. 
The values of land inputs were obtained from 
estimated weighted average market values shown on the 
questionnaires from both original and subsequent surveys. 
Values were corrected for inflation by compounding the 
original survey averages at 4 percent per annum for the 
time period separating the surveys. Any differences 
between compound values and average market values at 
the time of the second survey were added to the initial 
survey land value. Any differences between the corrected 
original values and the final survey values were assumed to 
be due to factors other than inflation. 
Cross-checks and reliability 
When conducting research by means of surveys, the 
simple assumption employeu is that a "family" or farm 
enterprise can be represented by owned and rented farm 
resources and that these resources are tied directly to a 
single interviewee. However, this assumption is somewhat 
misleading because many extraneous family ties exist in 
ownership and sharing of costs and returns. These sharing 
relationships cut across the project itself, across families, 
and may extend to others far removed from the project 
4 
area. In extreme cases persons or families or groups living 
and working completely outside the project area maintain 
or acquire substantial interests in a particular project or 
development. Surveys do not always uncover such links 
and may not include responses from such "outside" 
interests. 
This is one possible source of bias that the writers 
attempted to avoid. Sub-samples included only currently 
active farmers in the project area , and questions were 
carefully directed to whole farm enterprises rather than 
individual situations. In addition, an attempt was made to 
supplement the farm survey data through several other 
sources of income and wealth distributions: state income 
tax returns, courthouse records, and irrigation company 
records. 
County courthouse records were used as a check on 
changes in land, livestock and machinery inventories and 
ownerships as well as property tax payments. What is 
needed is assessed valuations on specific properties. Then, 
if reassessment is carried out on a regular basis, changes in 
wealth positions can be obtained from these public 
records. All that would be required in addition to the 
valuations is knowledge about the relationship of assess-
ments to actual market value. 
County courthouse records covering family units on 
the Emery project were examined in some detail. Some 
land parcels had changed hands and some shifting of 
personal property holdings (animals) was noted. However, 
few definite checks on changes in wealth position could 
be made. 
First, there was a technical problem. Approximately 
5,500 separate land parcels are recorded in the county. 
Sampling the farm families of interest included at least 
2,200 of these recordings. One operator in the sample 
held 36 parcels and 10 to 16 holdings were common. All 
parcels of land, etc. held by each operator "before" the 
project would have to be compared to total individual 
holdings, "after" in order to isolate the cases where 
holdings had changed. Individual cards for every parcel 
had to be studied to determine parcel size and assessed 
value both for the project lands and those in adjacent 
check areas. Location of each card had to first be 
obtained from an index, which would have required 
pulling over 4,400 separate cards which would have used 
up resources far in excess of benefits obtained. 
Worse yet, some experimental checks on the same 
land parcels in "before" and "after" years revealed that 
the assessed values were the same in 1971 as in 1969, 
1965, and 1958. Indeed there was no easy way to select 
any "before" years where records existed that were 
different, since there had been no reassessment for at least 
20-25 years! 
Based on this experience it was assumed that only in 
cases where different records are kept (possibly in a 
computer retrieval system) , could courthouse records be 
useful in following wealth changes for good sized samples 
of far m operations. 
State income tax records were another data source 
Assuming some arrangement would be made about con· 
cealing identities, it may be possible to trace income 
changes by following a series of filings by an individual. 
Suppose two groups of records could be set up, one from 
the chosen project area and the other from an adjacent 
(irrigated) farming area outside the project. Assuming that 
technological progress might have had more or less the 
same impacts on each set , any observed difference in 
income trends could be attributed to project impacts. In 
other words, some allowance or correction for techno· 
logical effects might be obtained in this manner. 
The writers were successful in obtaining income tax 
return information for selected individuals at two differ-
ent points in time. 8 This information was for the Emery 
project area but was not identified by name so direct 
comparisons with survey data were impossible .9 Even 
complete identification would not have given a suitable 
basis to cross-check survey reports of enterprise opera-
tions and interests. Every father , mother , and grandparent 
files and claims exemptions where possible . The same 
persons do not file exactly the same way each year It was 
discovered there is no way to know in advance how many 
returns must be checked to cover the income of a given 
operation. But the main problem is that few . if any. 
returns showed net taxable income and tax liability 
8The names of persons associated with Emery project plus a 
set of names from an adjacent (similar) irrigated farming area were 
submitted to administrators of the Utah State Tax Commission 
Of approximately 313 names, they found 105 records available for 
the vears (196E and 1970). Employees were hired to use their 
span' time to transfer tax information onto provided forms. Pair .. 
of records were matched, but no names or identificatIOn were 
supplied. 
9Some 10 records out of 99 could be identified WIth some 
confidence by secondary means. 
5 
regardless of the level of reported gross income. 10 The 
virtual impossibility of using tax returns as cross-checks 
on income changes also curtailed the plan to make use of 
returns from the comparison area to create a correction 
factor for technological change. 
Irrigation company records can be used to follow 
water right sales, identify holders, quantities of water 
used, and associated fees. The writers were able to learn 
which operators apparently desired the most water from 
the project and those that desired little project water. 
Such information may have only an indirect bearing on 
determination of changes in income and wealth ; it does 
help provide an understanding or "feel" for the day-to-
day operation of the project under study. 
In summary, the income/wealth estimates based on 
survey data could not be cross-checked by any of the 
methods employed in this experiment. Income tax and 
property tax records might well have other uses for which 
they would be suitable . but where cross-checking farm 
operations are concerned, the costs of obtaining such 
records may exceed the benefits. 
Data utilized 
All statistical results were based on original survey 
data , adjusted only tor inflation and consistency in survey 
questionnaires. No allowance was made for the influence 
that technological adoption may have had on incomes. 
Any changes in farmer incomes were attributed to the 
direct or in direct effects of the projects. 
10Most returns that showed any tax payments were from 
farm families where wives appeared to be working. 

CHAPTER III 
METHODS AND RESULTS 
A number of questions have been posed, all related 
to either the effects of increase d water supplies on the 
direction of change in local income redistribution or to 
magnitudes of income/wealth shifts. There is also a third 
area of interest: i.e. , which agricultural production inputs 
share most in benefits from increased water supplies? 
In this section the analytical techniques are dis-
cussed which seem best suited to shed light on these 
questions. The primary in terest was to learn whe ther or 
not income/wealth distribution among the sampled pri-
mary beneficiaries was made more or less equal relative 
to the distribution that existed be fore the project in-
creased water supplies. A secondary interest was in what 
numbers of percentages of primary beneficiaries shifted 
within the sampled income distribution or whether few 
relative shifts were made ; and, finally_ in lerest in the 
general sharing of project benefits between the fa rmers as 
primary beneficiaries and other persons or business which 
mayor may not be part of local agricultural sectors. 11 
Lorenz curve 
The Lorenz curve is undoubtedly the method most 
widely used to show the range of income inequality that 
exists among a group of recipients at a given point in 
time. l2 Its major attribute is that the degree in inequality 
for all ranges of income can be shown. In addition, since 
the technique is essentially a display device , distributions 
at more than one point in time can be illustrated together. 
This feature permits conclusions to be drawn about 
changes in the direction of income distribution through 
time. 
In Figure 1 a typical Lorenz curve is displayed. The 
cumulative percent income of the study area or group in 
question as received by the cumulative percent of families 
is shown by the curve. If each successive 10 percent of 
families receive exactly 10 percent, i.e., distribution is 
equal, the curve will be a 45 0 line. At point A in the 
llIdentification will only be by inference such as, "those 
who supply capital" or "farm supply companies," etc. 
12Bowman illustrates and discusses the usefulness of several 
mathematical distributions that have been used to display the 
range of income inequality within a group [5]. Each technique is 
described and appropriate applications are made to problems of 
estimating income distribution so that relative advantages can be 
appreciated. 
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Figure 1. Example of Lorenz curve showing distribution 
of family incomes. 
diagram , 50 percent of the families receive about 25 
percent of the total income going to all families. Thus, the 
distance between the 450 line and the Lorenz curve is an 
indication of the degree of income inequality. A separate 
curve may be created for as many time periods as 
required. 
The Lorenz curve display method possesses a well 
known limitation which occurs when curves for different 
periods cross; it then becomes impossible to say that one 
entire distribution is more equal or unequal than another. 
In this situation the Gini coefficient13 is invoked. The 
distribution having the Gini coefficient with the smallest 
. magnitude is said to be more equal; and of course , if the 
curves cross, it is possible to make judgments about 
relative shifts among groups in the income array (e.g. , 
high, medium, or low income groups), without knowledge 
about the magnitude of the Gini coefficient. 
To evaluate income redistribution in circumscribed 
local rural areas, single water projects, or in what might be 
termed micro situations, some thinking about basic 
Lorenz presentation is required. It is concluded that there 
are three general options: simple before and after rankings 
13The Gini coefficient is the ratio of the area between the 
curve and the diagonal to the total area under the diagonal. 
of data according to family income, income per acre, and 
wealth holding. 
Lorenz analysis 
Gross annual returns for livestock and/or crops were 
used to estimate family enterprise income for the sample 
groups. Gross returns for each farm unit were reduced to 
net values by deducting costs of fertilizer, and capital. Net 
farm income values were also subdivided into net income 
per acre, and net income per irrigated acre . These three 
measures of income were used as basic inputs for 
estimating pre and post project income distributions that 
are displayed in Lorenz curves. 
Lorenz curves for wealth shifts were derived to 
complement the income curves and to determine if 
correlation exists between income an d wealth measures. 
Wealth may be an excel~ent indicator of changing "income 
distributions" because it is less sensi tive to erratic annual 
income fluctuations experienced in agriculture and be-
cause income flows (to far m resources) in excess of cost 
are usually capitalized into wealth stocks. In addition, the 
returns to unpaid family labor and similar type costs, not 
absorbed by the farm unit , could be used to purchase 
capital investments. Wealth arrays for each individual farm 
unit were derived by estimating market values for land, 
equipment, and livestock for 1957 and 1971 . 
Income measures 
Lorenz curves showing the distribution of net farm 
income (pre and post project time periods) for Emery, 
Vernal, Silt, and Florida, respectively, are shown in Figure 
2. Net income was more unequally distributed in the post 
project time period for Emery and Vernal. Gini coeffi-
cients for pre and post project time periods are 0.42 to 
0.49 and 0.42 to 0.50, respectively for Emery and Vernal. 
Silt was more equally distributed with Gini coefficients 
falling from 0.54 to 0.47 between 1957 and 1971. Florida 
results are ambiguous. The Gini coefficient decreases from 
0.44 to 0.42, indicating a slight move toward income 
equality between the two time periods. In all areas 
studied, the Gini coefficients tended to fall within a fairly 
narrow range. 
Figure 3 utilizes income data that have been 
converted to an average acre basis. These results are 
influenced by instances of large acreages of dry range land 
holdings. The most striking characteristic of this set is the 
range of Gini coefficients. These magnitudes and ranges 
are as follows: Emery 0.16 to 0. 10, Vernal 0.38 to 0.47 , 
Silt 0.62 to 0.41 , and Florida 0.36 to 0.43. 
The third comparison was based on income per 
irrigated acre. This basic unit of measurement narrows 
down the range of farm sizes, and yields information that 
is necessary to make relative comparisons of farm units. 
Consistency is apparent in that all four samples experi-
enced more equal incomes per irrigated acre following 
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availability of project water (see Figure 4). Again Emery 
Gini coefficients are smaller in magnitude than the other 
three areas with 0.24 to 0.12. Coefficients for the other 
areas are: Vernal 0.46 to 0.36 , Silt 0 .5 5 to 0.45, and 
Florida 0.46 to 0.44. Both Utah samples have income per 
irrigated acre that is clearly more equal. Florida , on the 
other hand, shows a more unequal distribution for middle 
income groups relative to high and low income groups, 
and Silt is more unequal for the high income end of the 
distribution. 
Wealth measures 
Shifts in distributions of total wealth (Figure 5) 
were consistent, and showed each sample group to be 
more unequally distributed following project construc-
tion. Silt is the only area that was not obviously less 
equal, however, its Gini coefficient changes from 0.42 to 
0.50. Other coefficients are: Emery 0.27 to 0.28, Vernal 
0.26 to 0.42, and Florida 0.27 to 0.32. 
When placed on an average acre basis, wealth was 
more unequally distributed for Emery, Vernal , and Silt. 
For the Florida sample , farmers' wealth was more equally 
distributed. The Lorenz curves are in Figure 6. 
Shifts in distribution of wealth per irrigated acre are 
shown In Figure 7. Notice that distribution becomes more 
equal for Vernal (0.29 to 0.22), Florida (0.29 to 0.17), 
Silt (0.28 to 0.16), and Emery (0.27 to 0.22). The move 
toward equality for Silt and Florida created Lorenz curves 
of almost identical shapes and points of crossing. Sample 
individuals with small wealth holdings per irrigated acre 
actually became worse off relative to the remainder of the 
two arrays, whereas individuals with larger holdings 
experienced more equally distributed wealth. The general 
conclusion might be that both low and high ends of the 
distribution were made "worse off" relative to bettering 
the middle portion of the sample array. 
Income/wealth shift patterns 
Inherent in usual Lorenz curves based on census or 
aggregate survey data is that there is no identification of 
individuals or families. Regardless of the direction of 
income distribution change through time, it is impossible 
to know which families shifted relative positions and to 
judge whether they are "better or worse" off than before. 
This may be an objectionable feature at the micro level 
study such as the present one. 
Whenever original survey data are available it is 
relatively simple to construct a series of before and after 
income rankings, identified by individual or family. Then 
initial and final positions within the income distribution 
are readily traced. Judgments may then be made about 
the nature and degree of relative shifts within the survey 
group. Again, where farmers are involved, the rankings 
may be displayed on a total enterprise or per acre or even 
per irrigated acre basis. 
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Survey methods, including personal interviews, 
should provide an adequate data base. 
In order to identify shifts from one part of the 
income/wealth distribution to another, all that appears 
necessary is to divide the distribution into wealth or 
income in tervals so tha tit is possible to speak of 
movements "from - to." 
In Figure 8, four income/wealth intervals are shown. 
If it is imagined that families origina lly fall into one of the 
intervals on the left hand side and shift to one of the 
intervals listed across the top , then the intersection of the 
"from - to" intervals IS plotted in the main body of the 
figure. If there are no relative shifts, that is the families 
originally in interval 50-100 stay in that interval , those in 
200-300 do the same and so on, then the plotted points or 
numbers will all fall on a diagonal through the figure. 
Post-project 
Income 
Pre- Group 
project 
Income 
Group (2) 
However , those who move off the diagonal have experi-
enced relative shifts in income or wealth. 
Movement to positions above the main diagonal 
depict individual improvements in relative positions fol-
lowing project construction. A more equal distribution 
would result if individuals below the mean income for the 
group moved to the right above the main diagonal, and 
those above the mean moved left or below the main 
diagonal. 
Income/wealth shift analysis 
Income/wealth shift diagrams developed in this 
section were designed to show individual (family) changes 
in rela tive income/wealth positions. Again , they were 
computed by using gross wealth and net family income , 
income per acre, and per irrigated acre . Diagrams were 
(3) (4) 
Area of Relative Upward 
$ 50-99 (1) 3 
Movement 
2 1 
$100-199 (2) 
$300-499 (3) 2 
3 
$ 500-999 (4.) 
Area of Relative 
Downward Movement 
4 
Line of 
Status Quo 
1 
Figure 8. Example of income/wealth shift array showing movement of lower income families to higher rankings and 
higher income families to lower rankings. 
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arranged so that ten income and wealth groups or intervals 
were forme d. Unequal intervals for income/wealth posi-
tions (among areas) were intentional because of concen-
tration of family units toward the lower-middle levels. 
Anyone of the six tables (1 to 6) is read as follows: 
for example , at interval No. 5 ($3000-3999) for family 
income (Table 1) it can readily be determined that for 
Emery, the income of two families fell to groups 4 and 3, 
and five families moved up to groups 6, 7, 8, and 9. For 
Vernal, one family moved to the lowest (group No . 1) 
position, and no families improved their relative income 
position. Florida shows one family moving down to group 
No.3 and one increasing to group No.6. Silt shows no 
families changing relative position. The remainder of the 
tables are read in the same manner. 
In general, if all numbers remain on an imaginary 
diagonal line, this would indicate no shifting of relative 
income/wealth position from pre project to post project 
time periods. Movement to positions above the diagonal 
means that an individual "lost" relative to his pre project 
position. Clustering to one side of the diagonal provides 
visual evidence of a uniform shift (positive or negative) for 
those include d in the cluster. 
Income measures 
In summary , 81 .0 to 88.6 percent of the families 
changed positions when measured in terms of family 
income, income per acre , and income per irrigated acre 
(Tables 1, 2, and 3). For net income, 54 percent 
decreased. Irrigated acres showed 49 percent of the 
families moving to a new position higher than their pre 
project standing, while 40.5 percent showed a decrease in 
their new position. The per acre basis had the largest 
percentage change with 65.8 percent moving up while 
39.2 percent moved down. Thus, the division between 
movements up and down is about 50-50 for income 
measures and provides no definitive evidence of improved 
income distribution. 
Wealth measures 
When a wealth measure was employed (see Tables 4, 
5, and 6) the range of individual families changing 
positions was 79.7 percent to 88.6 percent. In terms of 
total wealth, 76.0 percent moved to higher relative 
positions while 14.0 percent moved to lower positions. 
Irrigated acreage had 74.7 percent moving up and 21.6 
percent moving down. The per acre basis had 79.8 percent 
moving up and 16.5 percent moving down. Thus, wealth 
measures showed about a 75-25 split for upward vs. 
downward shifts, respectively and provided strong evi-
dence that individual wealth positions were improved by 
services gener.ated by the projects. 
Factor shares 
The third method used to show the impact of water 
development projects upon income redistribution involved 
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estimating the parameters of a Cobb-Douglas production 
function [10]. The beta coefficients were used to 
estimate the proportionate share of the total product 
going to each factor of production. The Cobb-Douglas 
technique must sa tisfy a set of strict assumptions and 
conditions if the final product is to be useful. In addition 
the research has two features that bear significantly on 
usefulness. First , data are cross sectional rather than time 
series. Second, the analysis is applied to micro units with 
relatively few degrees of freedom. 
Much of the emphasis placed on rural development 
research would indicate that income redistribution both 
from ou tside to within the region as well as within the 
region itself is important. These conditions place addi-
tional constrain ts upon the Cobb-Douglas analysis because 
if some of the factor recipients (absentee owners, bankers, 
etc.) reside outside the immediate project area, even 
though the factor share analysis is correct, the balance of 
inflow-outflow (actual region net gain) could be mis-
leading if factor ownership cannot be determined. On the 
other hand, if all of the factors of production are owned 
by an entrepreneur who provides management then the 
factor share analysis may not be the most desirable tool to 
use: first, this analysis disregards management impact ; and 
second, factor shares, even though the proportions are 
known, all go to the individual owner/manager. 
In view of what might be complicating problems, 
the technique is employed on an experimental basis and 
results obtained are helpful in explaining income 
redistribution. 
Macro economic theory indicates that gross or net 
product, i.e., payments to factors of production, can be 
estimated either on the basis of the physical flow of goods 
or as a monetary flow [1] . Thus, distribution of factor 
shares amounts to the same thing as monetary payments 
so that a Cobb-Douglas approach should be a valid way of 
estimating such shares. Also , widespread local sector 
impacts will occur as a result of Bureau projects. 
It is not intended to suggest that intra-sector factor 
share analysis be substituted fo r inter-sector output 
studies, but it is possible that the Cobb-Douglas technique 
can be used as an indicator for assessing intra-sector 
(sectoral impacts) income and wealth shifts. For example, 
if the share to capital should increase then one might infer 
that machinery dealers and fuel and fertilizer suppliers 
would benefit. If the share to land and/or water increases 
it would imply future capitalized income flows to the 
owner of these resources. Sectoral impacts of changes in 
labor's share are somewhat more difficult to determine. If 
all labor is provided by farm families, then increases in 
labor's share may mean increased family income and 
subsequently greater consumption of consumer goods , 
increased demand for farm land and related inputs. 
However, if labor is obtained from non-family sources 
then the only impact may be an increased demand for 
consumer goods. 
Table 1. Pre and post project net income positions for individua1s in the Table 2. Pre and post project net income per total acres for the four 
four project areas. project areas. 
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Table 3. Pre and post project net income per irrigated acre for the four Table 4. Pre and post project wealth positions for individuals for the 
project areas. .four project areas. 
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The traditional approach to computation of factor 
shares has been to work with homogeneous functions of 
degree one, and then assume that each factor is paid 
according to its contribution in production. A true factor 
share analysis can be biased in either direction by anyone , 
or a combination of conditions which include techno-
logical change, factor substitution, and inadequate specifi-
cation. If factor share analysis and product exhaustion 
theory are to be consistent, co mpetition must exist in all 
markets, 14 and no tactor input can be excluded and/or 
incorrectly specified. 
Empirical investigation of factor shares was made 
using the Cobb-Douglas equa tion of the following form: 
b b b b b 
Y AX 1 X 2 X 3 X 4 X 5 (1) 1 2 3 4 5 . . 
in which 
Y 
A 
Xl 
X2 
X3 
X4 
Xs 
b 1'" b 5 
a value index of physical production 
consiant 
value index of labor input 
value index of capital input 
value index of water 
value index of land 
value index of fertilizer 
elasticities with respect to each factor 
input, and the proportionate share of 
total product (factor share) going to 
each input 
First partial derivatives are marginal products for specified 
inputs : 
oY / <J X 1 
b 
b AX 1-1 
1 1 
b 
b A X 1 
1 1 
which, by substitution reduces to 
y 
b 1 . . . . . . 
Xl 
(2) 
. (3) 
.... . . (4) 
Marginal factor share for any input is defined as 
marginal product [(V /X 1) b d multiplied by the amount 
of input used. Because the marginal product is shown to 
be equal to [(Y /X i) b i] the marginal factor share can be 
expressed as (b i V). 
14Marginal productivity theory is based upon conditions 
that Euler's theorem holds (valued total product matches sum of 
payments to all factors of production). It is not necessary that the 
function be homogeneous, but first and second order conditions 
fo r maximizing profits and the condition that long run maximum 
profits equal zero must hold. Nerlove has developed a method to 
determine the bias upon estimated parameters under conditions of 
competition and imperfection in either the input or output 
market. It is assumed competition exists in all markets for the 
project areas selected (see Chapter 1). 
20 
Output elasticities for the Cobb-Douglas production 
function are expressed in terms of (b i) where 
Xi <J y 
b i = Y <J X ... . ...... . .. (5) 
i 
Tills denotes the percentage change in output (Y) attri-
buted to a percentage change in input (Xi)' holding other 
factor inputs constant. Each (b i) coeffic ient represents 
individual percentage changes in output for given per-
centage changes in each input (Xi) ' where i = 1 to n. It 
then follows that all of the elasticity coefficients taken 
together measure the total percentage change in output 
for a given percentage change in each of the inputs. 
The unknown parameters (A. b 1, ... bs) were 
estima ted by converting the function to linear form using 
natural logs and employing least squares regression. In log 
form the original production function (1 ) appears as: 
.. . (6) 
This form is favored beca use each (b i) is estimated 
independent of the others. 
If bi values sum to unity (statistically non-
significant) and all o ther conditions are satisfied one can 
proceed directly to computation of factor shares.15 This 
could be carried further to determine changes in income 
distribution by noting how factor shares had changed and 
by establishing factor ownership rights and/or who would 
receive payment for each factor's contribution toward 
total product. 
On the other hand, if (L: b i) values differ sta tis-
tically from unity it becomes extremely difficult to 
interpret the results obtained from a Cobb-Douglas 
analysis. When the L: b i > 1, Heady [16, pp. 230-31] 
indicates that increasing returns to scale exist and/or 
excluded factors vary more than proportionately to 
changes in those factors included in the sample. 
Of course, if (L:b i < 1) then the opposite is true. 
Two possible situations can be expected: either decreasing 
returns to scale are present or there is a combination of 
decreasing returns to scale plus excluded factors which 
vary less than proportionately to changes in factors 
included in the sample (this at minimum would result in 
biased estimates of factor shares). 
In factor share analysis the (b i ) coefficients denote 
the proportion of total output going to each factor . It is 
obvious then that those factor inputs with larger output 
elasticities will capture the larger share of total product. 
15 A "t" test is performed to determine if bi is significantly 
different from 1, i.e., Ho : b i-I = 0 at the desired probability 
level. 
This general conclusion has to be modified somewhat 
because product distribution is biased to some degree by 
technical change, the magnitude of the coefficient of 
elasticity of substitution for factors, and possible specifi-
cation errors. 
Technological change can be neutral or non-neutral 
WIth respect to factor usage and therefore distributive 
shares. In the case of neutral technological change there is 
no disturbance of factor shares. However, when the 
change is non-neutral the impact is either factor saving 
( smaller share) or factor using (larger share). 
Substi tution of one factor for another in response 
to relative price changes is measured by the elasticity of 
substitution (0"). The relative ease with which factors can 
be substituted has an impact upon dis tributive shares. The 
elasticity of substitution is equal to 
in which 
C/L 
MRTS = 
capital/labor ratio 
marginal rate of technical substitution 
In a state of unchanging technology a relative rise (fall) in 
wages will increase (decrease) labor 's distributive share if 
0" is less than unity. · Changes in supply of anyone of the 
factors will have the same impact, and if more than two 
factors are employed, factor shares are not only depen-
dent upon 0" , but also the elasticities of supply of the 
other factors. In this work there was no way of knowing, 
a priori, what the elasticity of substitution and supply 
would be However, the Cobb-Douglas function assumes 
0" to be unity so that no bias in factor shares can exist, 
i.e., if factor prices change the relative use of factors alters 
so as to leave distributive shares undisturbed . 
Excluded and/or incorrectly specified factors can 
lead to the possibility of estimating biased factor shares. 
In general, if excluded factors vary less than proportion-
ately to changes in other factors then (l: b i 's) will be 
underestimated. Since (b i) is the proportion of total 
output going to each factor, there will be a reduction in 
the share of each factor. 
If a firm is employing inputs in a rational manner 
there is an inverse relationship between higher use rates of 
an input and its marginal product (MPP). This would be 
true for a simple input-output relationship with one 
variable input. However, when more than one variable 
mput IS used in production, there exists an interaction 
between and among factors which must be taken into 
account. Typical examples include the substitution and 
output effects of production theory [12, pp. 198-201]. 
21 
As the input rate of any given factor is increased , ceteris 
paribus, its MPP will decline and MPP's of other comple-
mentary factors could increase within the limits of the 
rational stage of production. 
No attempt is made to indicate , or in any way show, 
"optimum" resource mix and scale. 16 The procedure 
employed examines the geometric mean and value of 
marginal product for each fa ctor to determine if resource 
usage and/or changes are logical and consistent. Classical 
theory implies that rational entrepreneurs will employ 
factors up to the point where: 
MPP MPP. M P P 
w 1 n 
p P p 
w n 
Any increase in the supply of water will drive down 
its marginal product, so there must be compensating 
adjustments in other factors if farmer/managers are going 
to maintain efficient resource use. Essentially, one must 
assume that: 
MPP 
w 
p 
w 
MPP. 
1 
P. 
1 
.•• > 1 
or farmers would have no incentive to change the supply 
of water. 
Water in the project area has been changed relative 
to other inputs so that factor shares are going to be 
changed. Two elements (marginal productivity of factors, 
and amounts of factors employed) account for the values 
of factor shares. If the assumption can be made that all 
factors are owned by farm operators then changes in 
factor shares will affect only the composition of in-
dividual incomes and will have no effect on distribution. 
Cobb-Douglas analysis 
Statistical estimates 
The Cobb-Douglas technique has been successfully 
used in pragmatic research efforts in the same general 
manner as applied here. Cobb-Douglas production func-
tions were estimated at the enterprise level for each of 
four samples (Emery, Vernal, Silt, Florida) and at two 
points in time. These data are utilized to determine 
possible changes in factor shares following project imple-
mentation. 
16The data at the writers disposal suggest that some farm 
enterprises may be producing outside the rational range. 
, i ' 
ill l 
I:' I 
I 
, 
Tables 7 through 10 show the statistical estimates of 
parameters estimated for the Cobb-Douglas functions. 17 
Each sample table is divided according to data years 1957 
and 1971, according to inputs per farm, per irrigated acre , 
and per average acre . R 2 in each instance shows the 
amount of variation in income explained by the five 
variables. The L: b i's have all been listed to discover if 
they differ significantly from unity, since unity would 
indicate constant returns to scale . 18 
Where constant returns prevail, it is a straight-
forward task to interpret or determine relative income 
shares and for that reason the (L:bj's) are sometimes 
constrained to equal 1. However, in this analysis there was 
no a priori reason to expect constant returns to exist , 
therefore a choice was made to test the hypothesis 
L: b i -1 =0. If the null hypothesis is accepted one looks for 
consistent patterns with respect to increasing or de-
creasing returns. In all 24 tests the null hypothesis was 
rejected ; there is no statistically significant difference 
from zero in any case (. 01 level of probability). Therefore , 
the best assumption is to treat all the functions as having 
constant returns to scale . 
Failure to allow for effects of technology or 
managerial ability could cause L: bi 's to differ from unity 
if each input factor used in the production process is 
changed proportionately then L: bi 's are not altered by 
excluding in puts. However, exclusion of factors that 
change less than proportionately will tend to under-
estimate returns to scale and, of course, the opposite is 
also true. Therefore, excluding technology and manage-
ment, per se, may result in biased estimates of returns to 
scale. In the absence of a proper test, the results which 
follow are treated as though "proportionality" does exist. 
Magnitude of implied factor shares 
GIven the conSIstent pattern of constant returns to 
seal the absolute magnitude and direction of changes 
associated with pre and post project factor shares can be 
interpreted with some degree of confidence. For example 
a negative b i coefficient is an indication that the total 
return to the factor would increase if a smaller quantity 
were employed (The degree to which the reverse is true 
depends on the magnitude of the coefficient.) 
17Water and fertilizer , land and labor, capital and land and 
fertilizer, are all correlated together to some extent. Correlation 
coefficients above 0.9 exist in a few cases, notably between land 
and water and land and labor. 
t80f the 24 "t" tests 
( ~ \ -1 = 0\ 
1 = 1 J 
10 were significant (null hypothesis rejected) at the .Ot level, 3 
were significant at the .05 level, while 11 were not rejected at the 
. 01 level of confidence. 
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the reason that the value of a factor share is a function of 
the magnitude and sign of (b i ) and (Y). 
Estimated factor share values are shown in Tables 
11 and 12. Computations were based on total farm 
output, output per irrigate d acre and output per average 
acre. 
Marginal factor shares for each input on an irrigated 
acre basis show decreases in the share going to labor (X 1) . 
for Florida, Silt, and Vernal of $25.36 to $.51, $142.20 
to $63.19, and $69.74 to $41.46 , respectively. Emery 
increased from $9.1 2 to $47.53. Thus, results from three 
of the four samples agree with the national trend of lower 
returns to labor , relative to capi tal , and the fourth 
(Emery) is consistent with what is believed to be a strong 
trend to part-time farming in the area. 
Changes in the quan tity of water input were es-
pecially effective in increasing estimated returns to water 
for Florida and Vernal samples. These increased from 
$16.60 to $33.95 and $5 .74 to $15.99 (per irrigated 
acre), respectively. In contrast , Emery and Silt originally 
had lower pre project analysis. The "theoretical" inter-
pretation of this latter result is that water was already 
sufficiently available and any supplemental supply 
actually decreased yields. Obviously the statistical basis of 
this study may not warrant such a strict interpretation , 
however, the negative values are consistent with observed 
sales of project water rights in Emery and with emphasis 
on recreational water development in Silt. 
When changes in other factor shares are considered 
the general trends are quite consistent with known facts. 
For example, the estimated fertilizer share rises in 10 of 
12 cases. Observation of the operating situations in Silt 
and Emery would lead one to suspect that the amount of 
capital has increased somewhat too much in Emery, and 
that Silt was over capitalized initially but changed in the 
direction which would have been anticipated. The changes 
in estimated land shares also are interesting. For the 
Florida project, there has been a substantial impact 
attributed to supplemental water. In this area most 
farmers do not have off-farm employment and as a result 
the estimated land share for the sample increased sub-
st~mtially . The opposite has occurred in Emery because of 
apparent differences in the relative prices of other factors. 
Off-farm employment made owner labor relatively scarce 
and land and water have been treated more nearly as free 
goods. 
Value of marginal products 
Some notion of shifts in utilization of factors in 
farm production can be obtained by examination of pre 
and post project sample value of marginal products (VMP) 
data. Value marginal products for the factors in the 
sample areas presented in Tables 13 through 16 are based 
on the geometric means of the survey data . 
Table 7. Comparative statistics for Cobb-Douglas type functions relating farm derived income and inputs, including wa-
ter, 1958 - 1970, Emery project. 
Variable 
N a me a nd Code 
Labo r IX 1) 
CapItal (X
2
) 
Wa ter (X 3 ) 
L a n d ex 4 ) 
T otal Land (Enterprise) 
b value Sb t 
0.07015 0.2514 
0.61 69 0 . 1933 
0.279 
3. InC 
-0 . 04489 O. 1484 -0 . 30 26 
0.3 3 5 8 0. 1898 1. 769 
Fer ti l i zer (X 5 ) - 0.001918 0.02109 -0 . .H 3 2 
~ b = 0.971042, ta = -0.1477 
1= 1 i 
R 2 = . 65 60 
Labor I X 1 ) 
Capita l (X
2
) 
Wa t er (X 3 ) 
i..,a nd (X
4
) 
F e rtilizer (X
5
) 
0.6754 
O. 1 698 
0.2 63 7 
0.276 
O. 1262 
O. 168 1 
-0 . 006298 0.3163 
2.447b 
1. 346 
1. 5 6 9 
-0.01991 
0.01443 0.02986 0.4832 
~ b = 1.117032, l = O. 8952 
1 = 1 i 
R2 = .7 607 
Average Acre 
b v alue 
1958 -
0.08114 0. 2 038 
0.5 2 7 5 0 .2022 
0.39 8 1 
2. b0 9b 
- 0 .01 11 3 0.1 151 -0 . 0 9674 
0.27 94 O. 1745 1. 601 
-0 . 01395 0 . 0456 -0.30 58 
~ b . = 0 . 860 9 6, l = -0 . 9 93 3 
1= 1 1 
R 2 = . 5917 
1970 -
0.6088 O. 1838 
0.06136 0.13 3 0.4 61 3 
-0.1223 
0.3063 
0. 141 -0.8 671 
u.255 9 1. 197 
-0.006315 0 . 06685 -0.094 47 
~ b = 0.847845 , ta = -1. 4 647 
1= 1 i 
R2 = .7151 
A v erage Irrigated Acre 
b va lue 
0 . 2374 0.3398 
0 . 698 9 0 . 2925 
0. 0 5 977 0.1 653 
0.4099 0.2496 
O. 6 987 
2.390
b 
0. 36 15 
1. 642 
-0 . 0 805 0.05 673 -1.41 9 
i b = 1. 32547, t a = 0.8302 
1= 1 1 
R 
2 
= . 3745 
1. 0 6 2 
O. 164 
-0 . 1 65 
-0.3121 
0.2961 
O. 1326 
O. 1596 
0.295 8 
3.5 8 8c 
1. 237 
- 1. 034 
-1. 055 
0.05409 0.05252 1. 03 
~ b . = 0.802 9 9, ta = -0. 7883 
1= 1 1 
R2 = .4720 
a t value 1S the estimated value to test significance of a linear combination ~ b - 1 = 0 
1= 1 i 
Q' = . 025 b SIgnificant a t 
D of F = 28 
c significant at Q = .005 
Table 8. Comparative statistics for Cobb-Douglas type functions relating farm derived income and inputs, including wa-
ter' 1956 -1971, Vernal project. 
Var : ab l e Total Land (Enterprise) Average Acre Average Irrigated Acre 
Name d.l1.d L ode b value S 
b 
t b value Sb t b value Sb t 
- - - - - - - - - 1956 - - - - - - - - - - - - -
Labor (X 1) 0.6343 O. 1486 4.268
c 0.5828 o. 1179 4.941
c 
O. 6821 o. 1090 6.25 6 c 
8.253
c c c 
Capital (X
2
) O. 8579 O. 1040 0 . 9147 O. 1398 6.543 0.8753 0.0925 9.467 
Water (X 3 ) 0.0376 0.0280 1. 341 0.06371 0.0479 1. 330 0.0561 0.0370 1. 514 
_3.251b b 
-3. 182b Land (X
4
) -0.4701 O. 1446 -0.4744 O. 1379 -3.441 -1. 2520 0.3935 
Fertilizer (X
5
) 0.0126 0 . 0150 0 . 838 0.0236 0.0346 0.682 0.0098 0.0238 0.412 
~ b = a b i b = t a c 1.0723, t = 0.1554 1.1104, t a = 0.2153 b = 0. 3713, t = -0.6254 
1= 1 i 1= 1 i 1= 1 1 
R2 
= .9270 R2 = .9150 
2 
.9653 R = 
- - - - - - - - - - - 1971 - - - - - - - - - - - - -
Labor (X 1) 0.4810 0.3583 1.342 O. 1336 0.4741 0.282 0.4274 0.42 9 0 0.996 
Capital \X 2 ) 0.7740 0.2924 2. 647 0.9012 0.4069 2.215 0.7336 0.33 81 2. 170 
Water (X 3 ) 0.3374 0.3710 0.909 -0.1781 0.4760 -0.374 0.1648 0.4036 0.408 
Land (X
4
) -0.4245 0.5121 -0.829 0.5440 1. 1880 0.458 -0.2582 0.5292 -0.488 
FertilIze r . X5 } 0.0170 0.0457 0.372 -0.0078 O. 1304 -0.060 0.0471 O. 1153 0 . 408 ~ b = 1.1849, l = 0.9758 J3 b = 1. 3929, t a = 0.7292 i b = 1.1146, l = 0.1733 
1= 1 i 1= 1 i 1= 1 i 
R2 = 2 R2 
.6583 .8714 R = .8109 = 
a t value is the estimated value to test significance of a linear combination 
b 
i b - 1 = 0 
1= 1 i 
slgnuicant at Q' = .025 
c significant at Q' = . 005 
D of F = 9 
23 
I 
I· , 
Table 9. Comparative statistics for Cobb-Douglas type functions relating farm derived income and inputs, including wa-
ter, 1957 - 1971, Silt project. 
Variabl f> Total Land (Enterprise) A v erage Ac re A ve rage Irrigated Acre 
Name and { ode b value Sb t b value Sb t b vaJ,ue Sb t 
- - - - - - -
- - - - 1957 - - - - - - - - - - -
Labor (X 1 \ 2.0030 0.5076 1.8700 2 .0480 o. 6989 2.0140 1. 6330 O. 3480 1. 8 360 
Capita l IX 2. 1 -1. 07 30 0.554 6 -0.90 50 -1 .0470 0.6534 -0.8579 -0 .0900 0.30 63 -0.07 8 3 
Water (X . I 
s 
- 0 . 0412 2.3392 -0.53 20 -0 . 1000 1. 375 6 -0.7112 0 . 01 5 6 1. 3 38 1 0.121 9 
Land (X 4 ' 0 .2421 0.6676 0. 4 34() - 0 . 0327 0. 4084 - 0.0294 0 .3417 O. 390 7 0 . 71 68 
F e r tili z f' r ' x 5 ) -0.0242 4. 63 85 -0. 65 .32. -0.0 685 2 . 1569 -0. 7927 -0 . 0770 2. 3 15 1 -1.1150 
5 
1. 1067 , ta 
5 a i b = 1. 8 233 , ta = f=1 b = = O. 324 1 f= 1 b i = 0.7998, t = - 0 .380 6 1. 5775 i 1= 1 i 2 R 2 = .6435 R2 . 6843 R = .5500 = 
- - - - - - - - - 1971 - - - b - - - - - - -c b 
Labor IX 0 . 7957 O. 8939 3.907 0 0.8252 1. 0280 4.2750 0.7770 O. 6 649 3 . 96 90 
I 
Capit'il 1\ . / 0.4016 0. 8246 1. 11 60 0.5712 0.7717 1.3460 0.373 8 0 .40 89 1. 1200 
Water (X 3 . 
- 0 .315 6 0.8 621 -1. 93 60 -0. 3863 0.8613 -2 . 1440 - 0. 3 2 69 0 .75 01 - 1. 9700 
Land (X 4) O. 1455 1. 0517 0.4784 -0.2759 0 .4691 -0.3 985 O. 1135 0.2437 0 . 215 6 
F ertilizer IX 5 ) 0.0045 0.90 69 0.1432 0.0178 2 .4724 0.3219 0. 0 120 2.7163 0 . 2540 5 a 5 a 5 a f= l b i = 1.0317, t = 0. 1684 f= 1 bi = 0.7520, t =0. 65 72 f= I b i = 0.9494, t = 0 .092 3 
R2 
. 8720 R2 .8757 
2 
. 7272 = = R = 
5 
a t value is the estimated value to test- significance 
b 
of a linear combination r, 1 b i - 1 = 0 
c significant at Q' = .025 \ D of F = 11 
s ignificant at Q' =. 005 
I 
~ 
I 
Table 10. Comparative statistics for Cobb-Douglas type functions relating farm derived income and inputs, including wa-
ter, 1957 - 1971, Florida project. 
Variable Total Land (Enterprise) A ve rage Acre 
Name and C ode b value Sb t b value Sb t 
- - - - - - - - - - - 1957 - - - -
'-,abor (Xl' O. 7202 l. 1840 3.67 60 b 0.7498 1. 1279 3.0370b 
Capital (Xl I -0 .1921 0.5 7 949 -0.4509 0.0849 0.6753 0.250 6 
Water (X 3 ) 0.2791 1.0023 l. 4650 0.0900 1.2427 0.5722 
Land (X 4 ) -0. 3653 0.5423 -1. 0450 -0.0707 3.2102 -0.9024 
Fertilizer (X 5 ) -0.03 86 4. 6288 -0.9758 -0.0113 1. 9283 -0.1014 
~ 1 b. = 0.4033, ta = -1.6616 ~ 1 b. = 0 .8427, ta = -0.4261 1= 1 1= 1 
R2 
= .8396 R2 = . 7786 
- - - - - - - - - - - - 1971 - - - -
Labor (Xl) O. 1905 1.4143 1. 2920 0.0767 1. 1352 0.5419 
Capital (X 2 ) 0.4828 1.2702 2.01 60 0.2204 O. 9625 1. 1490 
Water (X 3 ) 0.1104 l. 2694 0.70 65 0.2817 l. 3743 l. 5400 
Land (X
4
) -0.2210 0.6186 -0.4723 0.2252 0.4384 0.5263 
Fertilizet: (X 5 ) 0.0081 4.6597 0.3289 0.0228 2.3987 0 .38 14 
~ b = 0.5708, l = -1. 4601 ~ 1 b . = 0.82 68, l = -0.4752 1= 1 i 1= 1 
R2 
= 
-
.8919 R2 = .8323 
a t value is the estimated value to test s ignificanc e of a linear combination 
b significant at Q' = . 025 Fi of F = 7 
c 
signific ant at Q' = .005 , 
24 
A v erage Irrigated Acre 
b value Sb t 
- - - - - - - -
0.5268 1. 0271 2. 1420 
0.2 682 0. 6767 0 .5 983 
0.3449 0.7331 l. 3500 
0.0204 3 . 1455 0.2833 
-0.0355 2.2423 - 0.2562 
i lb. = 1.1248, l = O. 1859 1= 1 
R2 
= .7728 
- - - - - - - -
0.00 62 1. 0574 0.0441 
0.0 802 0.8568 0.3906 
0.4143 l. 0751 2.1850 
l. 4600 0.2054 1. 7100 
0.0117 2.5523 0.2430 
i b. = 1.9724, ta = l. 2165 
1= 1 1 
R2 
= . 7727 
. -
Table 11 . A pre and post project comparison of the distribution of factor returns by input category. 
\ d riable Total Land (Enterprise) A ve rag e Acre Average Irrigated Acre 
Name and Code Pre Proj ect Post Project Pre Project Post Project Pre Project Post Project (195 6) (1971) ( 1956) ( 1971) (195 6) \ 1971) 
i Vernal 
- - - - -
- - - - - - - - - - - - - -
- -
ProJe t 
Labor (Xl) $5 ,1 26 . 95 $ <1.5 r _1 20 $33 .22 $ 4-.2 3 $ 69. 74 $4 1 46 
Capital (X 2 ) 6,934 . 28 7,344.57 52. 14 28.53 89.49 71. 16 
Water (X 3 ) 303. 67 3 ,201. 63 3 . 6 3 - 5. 64 5 .74 15 . 99 
Land (X 4 ) -3,799.75 - 4 , 028. 13 -27 .04 17. 22 - 122.69 - 25 . 05 
Fertilizer (X 5 ) 101. 9 2 161. 31 1. 35 - 0 . 25 1. 00 4 , 5 6 
- -(1958) - - \ 1970) - - -1 ~S~) Emery ( Project (1970) - - -{1958 ) - - -( 1970)- -
Labor (X 1) $ 303. 62 $3,6 63 .04 $ 1. 27 $11. 83 $ 9 . 12 $47.53 
Capital (X
2
) 2,670. 65 :1 20.91 8 . 26 1. 19 26 . 85 I 7.34 
Water (X
3
) - 194.2 9 1,430 .1 8 - O. 17 - 2 . 38 2 . 30 - 7 . 38 
Land (X
4
) 1,453.40 - 34. 16 4 . 38 5.95 15.75 -13. 9 7 
Fertilizer (X
5
) - 29.94 7 8.2 6 - 0 . 22 - O. 12 - 3 . 09 2.42 
Table 12. A pre and post project comparison of the distribution of factor shares by input category. 
Vanable Total Land (Enterprise) Average Acre Average Irrigated A c re 
Name and Code Pre Project Post Project Pr e l-'roject Post Project Pre Project Post Pr'lJect ( 19 57) (1971) I 19 ~ 7) (1 9 71 ) ( 19 57) ( 1971) 
Florida 
- - - - - - - - - - - - - -
-
- -
-
Project 
Labor (Xl) $5360 . 8277 $2.b93 . 2311 $14.0659 $ 3.4874 $ 25. 3623 $ 0 .50tl O 
Capital (X
2
) -1429.9014 68 25. 6797 1. 5927 10.0211 12. '1123 6.5717 
Water (X 3) 2.077.48 82 1560 . 80 17 1.6884 12. 8082 16. 6049 33 . 948 2 
Land (X
4
) -2719 .1201 - )124.4309 - 1. 3263 10.239') 0.9821 11 9 . 6 340 
Fertilizer (X
S
) 287.3201 114. S1 5~ - 0.2120 1. 03 67 - 1. 7091 0.95 1:57 
~ Silt - - - - - - - - - - - - - - - - -Project 
Labo' (X I) 1$17341. 2972 $ b~52487 i $ 84. 14 69 $31 . 6320 $142 .1 978 $ 63 .1 86 1 
Capital (X 2 ) : - 9289 . 671 4 3458. 5 H~2 -43 .0184 21. 8 95 6 - 7. H3 70 30 . 3n7 
Water IX 3 , I - ')56.6957 - 2717 . 9150 I 4 . 1087 -14.807 9 1. 3584 - 26.5 83 7 
Land \),-J-' 209 6 . 0200 1253.0311 1. ~436 -10.57 60 2.9.7544 9. 2299 
Fertlhzer 1"< - ) - 209.5154 38.75~5 - 2 . 8 145 O. 6823 - 6 . 7050 0.975 8 
') 
2S 
N 
0\ 
Table 13. Estimates of value of marginal products for Emery project 
farms using Bureau water, 1958 - 1970. 
Value of Value of Va lue of 
GeOInetric Marginal Geometric Marginal Geometric Marginal 
Mean Product Mean Product Mean Product Per Average Average 
Enterprise Acre lrr. Acre 
1958 N = 34 
Y $ 4,328.17 $ 15.67 $ 38.42 
XI 907. 32 $ 0 .3346 3.37 $ 0.3770 7.70 $ 1. 1836 
X 2 
1,521. 12 1. 7553 5 . 52 1. 4974 12. 62 2.1 28 1 
X3 160.52 - 1. 2 145 0. 58 0.2998 1. 33 I. 7246 
X4 
11,194.75 O. 1298 40.66 0 . 107 6 94.33 0.1669 
X5 16.42 - 0.5139 O. 19 - 1. 1463 0.37 8.4474 
1970 N = 34 
Y $ 5,423.52 $ 19.44 $ 44.75 
Xl 1,369.50 $ 2.6759 4.91 $ 2.4103 11. 30 $ 4.2061 
X 2 
1,520. 20 0.6059 5.45 0 . 2190 12.55 0.5848 
X3 354.28 4.0404 I. 43 - 1. 6625 3.49 - 2.1142 
X 4 
11,111. 40 - 0.0019 57.92 0 . 1023 140. 96 - O. 0990 
X5 179.99 0 .4339 0.87 - O. 1406 1.92 1.2591 
Table 14. Estimates of value of marginal products for Vernal farms 
using Bureau water, 1956 - 1971. 
Value of Value of Valu e of 
Geometric Marginal Geometric 
. Marginal 
Geometric Marginal Product Product Product Mean Mean Mean Per Average Average 
Enterprise Acre Irr. Acre 
1956 N = 15 
Y $ 8, 081. 85 $ 31. 66 $102.24 
Xl 3,646.78 $ 1. 4058 7.64 $ 0.5537 45 . 60 $ I. 5293 
X 2 
4,494.46 I. 5428 16 . 96 1.6823 56.84 1. 5744 
X3 83.19 3. 6503 I. 26 - 4.4 657 1.77 3.2429 
X4 
21,322.78 0.1781 166.28 0.103 6 269.83 - 0.4546 
X5 0.33 0 . 0306 0.12 - 2 . 03LH 0 . 116 17 24 I, 
.~ ~---
1971 
Y $ 9,489. 11 $ 57.00 $ 96.99 
Xl 2,292.04 $ 1.9913 25.42 $ 1. 3067 23 . 43 $ I. 7696 
X~ 5,085.25 1.4442 3 1. 69 l. 6452 51. 98 1. 3689 
X3 381. 72 8 .3873 0.85 4 ~ no i. 90 4.1009 
X4 49,861. 28 - 0 . 0809 
'150 .46 0.1797 509 .54 0 . 0491 
X5 14.93 10 .8044 0.04 3 1. 7 819 O. 32 14 3 197 
Table 15. Estimates of value of marginal products for Florida project 
farms using Bureau water, 1957 - 1971. 
Volo" of I Va lue of Value of 
Geometric Marginal G . Marginal Geometric Ma r gina l 
Mean 
Product e~metrtc Product Mean Produ<:t Per lean Average Averag e 
Enterprise Acre Irr. Acre 
1957 N II 
Y $ 7,443.53 $ 18. 76 $ 4 8.14 
XI 3,780.08 $ 0.0016 9.54 $ 1.4748 24.44 $ 1. 0375 
X2 
4.19 9 . 83 - 0.0004 10.57 0.150 6 27. 16 0.47~1 
X3 23.32 O. 1167 0.07 23.54 81 0.15 7 . 1783 
X4 23,908.76 . 0.0001 17.6tl - 0.0750 43 .6 1 0 .0225 
X5 10. 17 - 0 .0338 O. 16 1. 3494 0.27 - 6. 2307 
1971 N I I 
Y $14,137.70 $ 4 5. 47 $ 8 1. 94 
Xl 3,391. 07 $ O. 7942 10.88 $ 0.3203 19.62 $ 0.0 258 
X2 4, 968. 14 1. 37 38 15.95 0.62 8 2 28.68 0.2 29 1 
X3 448 . 23 3.4821 1. 43 8.9455 2.50 13.5 9 12 
X4 
54,339. 14 - 0.0574 174.55 0 .0 586 314.54 O. 3803 
X5 43. 76 2.6 166 0.49 2. 1036 0.82 1. 16 1 
Table 16. Estimates of value of marginal products for Silt project 
using Bureau water, 1957 - 1971. 
-----
Va lue of Vaiu " of Va lue of 
Geometric Marginal Geometric Marginal Geometri c Ma rginal 
M e an Product Produc t Product Mea n Mean Per Average Average 
Enterprise Acre Irr. Acre 
1956 N = 17 
Y $ 8 , 657. 66 $ 41. 0 9 $ 87 .0 8 
Xl 1,358. 18 $ lL.7680 6. 49 $ 12.95 74 13 .76 $10.3378 
X 2 L,287 . 69 4 . 0 607 10.93 - 3. 93 66 23. 15 0.3384 
X3 9 1. 4 2 3.9015 0 . 5 6 - 7.2720 I. 18 1. 1550 
X4 24,984.23 0.0838 119 . 41 - 0.0112 253.03 O. 1175 
Xs 0.7l - 289 . 8663 0.08 -36.222 6 0.19 . ,5 . 1231 
1971 
Y $ 8 , 611.90 $ 38. 33 $ 8 l. 32 
XI 1,9 38. 86 $ 3. 5161 8 . 67 $ 3. 6490 18.35 $ 3.4428 
X 2 l, 7 9 '.64 1. 2380 
12.43 l. 7 6 11 26. 38 I. 1524 
X ! 506. 44 5.3667 2.25 - 6.5924 4.78 . 5. 560 
X4 
70, 685.8 0 0.0177 3 14.66 I 0.0330 667 .34 0 . 0138 
X5 2. 45 15. 8423 O. J / I 5 . 4 89 1 O. 17 5.74 67 
-
Due to the complementary relationships between 
water and other inputs, such as fertilizer. I ! is possible that 
additional units of a particular factor might not reduce Its 
YMP. Expectations c.oncerning changes in individual YMP 
must be based on the degree of onginal need for 
supplemental water. On this basis, the VMP of water 
would be expected to Increase with new additions of 
supplemental water in the Florida area because each 
additional unit is more productive. The only project 
showing big increases In net returns per acre is Flo rida , 
and this measure provides strong evidence of the degree of 
complementarity between land and water inputs. 
Water is not the only input that would renect time 
related adjustments but it is the factor of primary interest 
here. The geometric mean for water utilizatIOn increased 
in all four project samples. The largest increase is for the 
Silt project with a change of $3.60 anJ the smallest 
change is for Vernal with $2.] 3. 
The change in YMP for water is cnnsistent with the 
observatiom made previously . I t decreases and becomes 
negative fOi both Silt and Emery. In the Vernal sample, 
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not much change is noted.} 9 The VMP of wa ter in the 
Florida project about doubles and marginal value of land 
increased by a factor of 18. 
The Silt VMP data were expected to reflect higher 
capital and labor inputs induced by the project. The VMP 
of fertilizer on this project suggests that it may still be an 
attractive input. 
While these results of factor share analysis may not 
warrant strong interpretation some tentative conclusions 
are possible. The complementary relationship between 
water and fertilizer utilization seems clear, so that 
fertilizer use may not have expanded as rapidly as it 
should have relative to inueased water supplies. The 
Florida sample seems to have made the mos t efficient 
resource adjustment to new water Only limited factor 
adjustment in response to project water is suggested by 
the Vernal analysis. Based on sample evidence, reduction 
in water use in the Silt and Emery areas possibly should 
be considered (there is some evidence that water in these 
latter areas is being trea ted as the least limiting factor). 
19 An import.ant water demand tor the Vernal project was 
not directly related to agriculture water developers were looking 
to expansion of petroleum production in the Uinta Basin. 
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CHAPTER IV 
CONCLUSIONS 
The results obtained from a study of only four 
Bureau projects cannot be expected to provide general 
answers about the effects of increased water supplies on 
income/wealth distributions, however, certain tentative 
conclusions can be drawn. These conclusions can be 
divided into observations about techniques and specific 
study results. 
Techniques 
Lorenz curves are obviously well suited for dis-
playing cross-sectional income/wealth information. They 
(or variants) are easy to create and interpret. Indeed, this 
simplicity may somehow create the impression that as an 
analytical tool, the technique lacks power or sophisti-
cation . Yet for the objectives of the present study, such 
curves appear to be entirely satisfactory. When dealing 
with micro family units and micro regions in circum-
stances where the raw income and wealth data are 
obtainable, Lorenz curves may be supplemented with the 
"from-to" arrays. 
In the type of research reported here, it is not 
obvious as yet just what normalizing procedure should be 
used in developing comparable income/wealth measures 
for Lorenz curves. The writers choice is to array income/ 
wealth data on a per irrigated acre basis. This procedure is 
consistent with the feasibility studies conducted by the 
Bureau because project benefits are estimated by assuming 
that yields per acre increase as additional water is used. 
The next most useful measure seems to be in terms of 
total enterprise income or wealth- if the study areas are 
characterized by mixed farm/livestock (public lands) 
operations. The mix of private and public grazing lands 
varies so much in quality and quantity per enterprise that 
per average acre is definitely in the third rank as a 
measuring unit. 2 0 
Cobb-Douglas production functions have been fitted 
which provide some indication about value of marginal 
products for the various factors, including water. The 
values appear reasonable, when judged against direct 
observation of farming activities in the study areas. 
2DJf livestock and public land grazing are not part of the 
situation there may be little or no difference between irrigated and 
total acres owned by individuals. 
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However, several problems remain. These are associated 
with the location, collection, and refinement of field data. 
However, if data are good enough for Cobb-Douglas 
analysis they are even more adequate for Lorenz curves. 
Under conditions where management , labor and 
capital are held by single families it would seem that a lot 
more cases need to be examined before it is assumed that 
consistent results will usually be encountered. If the data 
are easily obtained, fine. otherwise cost might not warrant 
the effort. None of this means that an examination of 
factor shares within the broader context of a community 
or region might not be useful, especially since a detailed 
Lorenz examination might be difficult under such 
circumstances. 
It is not easy to guarantee compatibility of cross-
sectional income/wealth estimates among regions or 
project areas. As a safeguard in this study , reliance has 
been placed on the primarily agricultural orientation and 
rural isolation of the selected areas . Other measures might 
be employed, but their ultimate credibility must depend 
on the degree to which they are free from influences 
which might offset or re-inforce the impact of a water 
project(s) on income/wealth redistribution. 
Study results 
In Table 17, the number of shifts towards equality 
or inequality are summarized, in connection with the four 
project groups, according to income and wealth and in 
accordance with the three measuring units. A count of the 
number of "equalities" vs. "unequalities" shows equality 
favored in a ratio of 14: 1 O. 
Measured on an average irrigated acre basis, both 
income and wealth distribution shifted in the same 
direction in eight out of eight cases (towards greater 
equality). Measured on an enterprise basis, both income 
and wealth shift in the same direction six out of seven 
times (one indeterminant), but the shift is opposite to 
that on a per acre basis! Undoubtedly, some further 
research can establish likelihood of discovering whether 
the apparent pattern of Table 17 is always to be 
expected. 21 If it is, it will be very difficult to ever draw 
210WRR Project C-4361 now underway is expected to 
provide supplemental data that will serve this purpose. 
I 
I , 
I 
I 
I I: 
, 
firm conclusions about the direction and magnitude of 
any possible income redistribution from any public 
investment (Bureau of Reclamation or otherwise) affect-
ing farmers. Cobb-Douglas results suggest that implemen-
tation of a Bureau project causes significant shift in 
distribution of factor shares from labor to capital. This 
effect may be of considerable interest to those who 
believe in social policies directed to increasing rural 
employment opportunities. 
Table 17. Summary of income/wealth shifts in sample groups from four Bureau of Reclamation projects. 
Average Average Irrigated 
Enterprise Acre Acre 
Project 
.. More Less More Less More Less 
Equal Equal Equal Equal Equal Equal 
InCOllle 
Elllery X X X 
Vernal X X X 
Florida X a X X 
Silt X X X 
Wealth 
Elllery X X X 
Vernal X X X 
Florida X X X 
Silt X X X 
aThere is a very slight movement toward greater equality measured here. 
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